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Table 3
The number of individuals sampled (n), coefficient values (a, loge(b)), standard errors for values (SE[a], SE[loge(b)]), and 
corre lation coefficient (r2) of the relationship between prosomal width and weight for horseshoe crabs (Limulus polyphemus), 
loge(Wt)=loge(PW)×a+loge(b). Samples were collected during the Horseshoe Crab Research Center trawl survey (i.e., inshore 
continental shelf waters between New York and Virginia), spawning surveys (i.e., New Jersey, Delaware, New Hampshire), and 
the commercial fishery (i.e., Delaware). All regressions are significant (a=0.05).
  n a loge(b) SE(a) SE[loge(b)] r
2
Female (all) 1025 2.98 –15.71 0.02 0.10 0.96
Females (mature) 802 2.65 –13.85 0.04 0.21 0.86
Females (immature) 223 2.85 –15.10 0.05 0.23 0.95
Males (all) 1055 2.89 –15.39 0.02 0.12 0.94
Males (mature) 931 2.97 –15.80 0.02 0.13 0.94
Males (immature) 124 2.58 –13.81 0.10 0.50 0.85
Errata 
Fishery Bulletin 107:235–243.
Graham, Larissa J., Mark L. Botton, David Hata, Robert E. Loveland, and Brian R. Murphy
Prosomal-width-to-weight relationships in American horseshoe crabs (Limulus polyphemus ): examining conversion factors used 
to estimate landings
Page 238, Equation 1. The y-intercept variable reads “b” and it should read “loge(b).”
Page 241, Table 3. The third entry horizontally in the boxhead of the table reads “b” and it should read “loge(b).” 
Likewise, “SE(b)” should read “SE[loge(b)].”  
The table should read as follows:
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Horseshoe crabs (Limulus polyphe-
mus) are considered a multiple-use 
resource. They are valued by many 
stakeholders, including the commer-
cial ﬁshing industry, biomedical com-
panies, and environmental interest 
groups (Berkson and Shuster, 1999). 
Horseshoe crabs are commercially 
harvested and sold as bait for whelk 
(Busycon spp. and Busycotypus spp.) 
and American eel (Anguilla rostrata) 
ﬁsheries. This species is also gath-
ered for biomedical companies because 
its copper-containing blood is used to 
create a pharmaceutical product, Lim-
ulus amoebocyte lysate (LAL) that is 
used to detect pathogenic endotoxins 
on medical devices and in injectable 
drugs (Novitsky, 1984; Mikkelsen, 
1988; Levin et al., 2003). The mor-
tality associated with the handling 
and bleeding of horseshoe crabs is 
minimized (i.e., 8–20% [Rudloe, 1983; 
Kurz and James-Pirri, 2002; Walls 
and Berkson, 2003; Hurton and Berk-
son, 2004]) because the animals are 
required to be returned to the water 
within 72 hours. Horseshoe crabs are 
ecologically important because their 
eggs serve as a food source for migrat-
ing shorebirds most notably in Dela-
ware Bay (Tsipoura and Burger, 1999; 
Botton et al., 2003; Karpanty et al., 
2006; Haramis et al., 2007).
In 1998, a f ishery management 
plan was developed for the horseshoe 
crab. However, before this plan, most 
states did not require the manda-
tory reporting of harvested horse-
shoe crabs. NOAA Fisheries collected 
commercial landing data by state, 
year, and gear type, but these data 
were incomplete and disjunct. To es-
timate reference period (or a basis 
for reductions in landing data), the 
Horseshoe Crab Technical Commit-
tee asked state agencies to provide 
their best estimate of the number 
of horseshoe crabs harvested before 
1998. These numbers were converted 
to pounds using various conversion 
factors. The number of horseshoe 
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Abstract—Horseshoe crabs (Limu-
lus polyphemus) are valued by many 
stakeholders, including the commer-
cial fishing industry, biomedical com-
panies, and environmental interest 
groups. We designed a study to test 
the accuracy of the conversion fac-
tors that were used by NOAA Fish-
eries and state agencies to estimate 
horseshoe crab landings before man-
datory reporting that began in 1998. 
Our results indicate that the NOAA 
Fisheries conversion factor consis-
tently overestimates the weight of 
male horseshoe crabs, particularly 
those from New England populations. 
Because of the inaccuracy of this and 
other conversion factors, states are 
now mandated to report the number 
(not biomass) and sex of landed horse-
shoe crabs. However, accurate esti-
mates of biomass are still necessary 
for use in prediction models that are 
being developed to better manage the 
horseshoe crab fishery. We recommend 
that managers use the conversion fac-
tors presented in this study to convert 
current landing data from numbers to 
biomass of harvested horseshoe crabs 
for future assessments. 
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Figure 1
Commercial horseshoe crab (Limulus polyphemus) landings between 1970 and 
2007. Landings before 1998 were reported in pounds of horseshoe crabs and were 
converted to numbers of horseshoe crabs using various conversion factors. 
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crabs harvested in Delaware and Virginia waters were 
converted to biomass using conversion factors derived 
from fishery-independent and fishery-dependent data 
(i.e., Delaware: 1.05 kg/male, 2.32 kg/female, 1.69 kg/
combined catch; Virginia: 1.8 kg/horseshoe crab or 
2.27 kg/horseshoe crab depending on the composition 
of the catch). The landing data from all other states 
were converted to pounds using a NOAA Fisheries 
conversion factor (i.e., 1.21 kg/horseshoe crab). These 
data have since been used to generate estimates of 
total landings, to set state-by-state quotas, and to 
manage the stock (Fig. 1). 
Once the horseshoe crab fishery management plan 
was initiated, all landings were required to be re-
ported by sex, harvest method, and the number and 
pounds of harvested horseshoe crabs. However, many 
fishermen reported their catch in numbers of har-
vested horseshoe crabs, and state agencies used con-
version factors to convert harvests from numbers to 
pounds. Because of the uncertainty in these conver-
sion factors and resulting biomass estimates, state 
agencies are no longer required to report the pounds 
of horseshoe crabs landed. The Atlantic States Marine 
Fisheries Commission (ASMFC) and state agencies 
now assess and manage stocks using only the number 
of horseshoe crabs (not pounds) harvested. 
ASMFC currently uses trend analysis to manage 
horseshoe crab populations, but numerous prediction 
models are being developed for future, more accurate 
management. For some of these models, landing data 
are required to be reported in pounds, not numbers. 
Because all state landings are currently reported by 
numbers of landed horseshoe crabs, conversion fac-
tors need to be derived to estimate pounds of landed 
horseshoe crabs. The availability of accurate conversion 
factors will serve as a factor in choosing an appropriate 
model to better manage horseshoe crab populations. 
The objective of our study was to derive prosomal-
width-to-weight equations to calculate alternative sex-
specific conversion factors based on the average width 
of horseshoe crabs from each state. We also tested 
the NOAA Fisheries conversion factor by comparing 
the observed total biomass of horseshoe crabs to the 
total biomass that was estimated with the conversion 
factor. 
Materials and methods
Data collection
Data were collected during three spawning surveys in 
the Mid-Atlantic (i.e., Delaware Bay, NJ, sampled in 
1997 and 2000 [n=379]; Raritan Bay, NJ, sampled in 
1988 [n=297]) and southern New England (i.e., Great 
Bay, NH, sampled in 1988 [n=131]) and from the Del-
aware commercial f ishery (i.e., Delaware Bay, DE, 
sampled in 1999, 2003, and 2004 [n=348]) (Fig. 2). 
The sex, prosomal width (PW; to the nearest 1 mm), 
and weight (to the nearest 10 g) were recorded from a 
sample of individuals that were collected from the vicin-
ity of each breeding beach. During spawning surveys, 
animals were collected as either mated pairs (a male 
coupled to a female) or as unpaired (or satellite males) 
because previous studies (Botton and Loveland, 1989) 
have shown that there is no significant size difference 
between unattached males within a population. The 
majority of the samples collected from the commercial 
fishery were harvested by hand 
during spawning events. All 
samples were mature individu-
als because only mature horse-
shoe crabs visit beaches during 
spawning events. 
Measurements also were re-
corded for horseshoe crabs in 
coastal waters (i.e., within 12 
nautical miles from shore) be-
tween New York and Virginia 
(Fig. 2). In September, Octo-
ber, and November of 2005 and 
2006, 743 individuals were col-
lected and measured during the 
Horseshoe Crab Research Center 
(HCRC) trawl survey (for meth-
ods see Hata and Berkson, 2004). 
In June of 2006, an additional 
182 horseshoe crabs were sam-
pled aboard a commercial trawl 
vessel harvesting crabs for a bio-
medical company off the coast of 
Ocean City, Maryland. Trawling 
gear, specifically a f lounder net, 
was used to collect all horseshoe 
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crabs. The ground gear on the f lounder net was modi-
fied with a Texas sweep, which has a chain line in-
stead of a footrope, to effectively sample horseshoe 
crabs (Hata and Berkson, 2003; Hata and Berkson, 
2004). We recorded prosomal width (to the nearest 1 
mm), weight (to the nearest 10 g), sex, and maturity 
stage for all or a subsample of horseshoe crabs at each 
site. Maturity stage was classified into two groups: 
immature and mature. Male horseshoe crabs without 
modified pedipalps (claspers) were considered imma-
ture and those with modified pedipalps were consid-
ered mature (Hata and Berkson, 2004). Females with 
mating scars (i.e., indentations and abrasions on the 
dorsal surface of the opisthosoma resulting from the 
attached male) were categorized as mature. Maturity 
stage in newly molted females is not morphologically 
distinct, therefore some individuals had to be probed 
with an awl for evidence of eggs and determine the 
stage of maturity (Leschen et al., 2006). Females with 
eggs were categorized as mature (Hata and Berkson, 
2004). 
Prosomal-width-to-weight relationship
We log-transformed the PW and weight measurements 
collected during the HCRC trawl survey and used a 
general linear model (PROC GLM, SAS, vers. 9.1, SAS 
Inst., Inc., Cary, NC) to test for signiﬁcant differences 
in the PW, weight, and PW–weight relationship between 
sexes and maturity stages. The P-value of each family of 
comparisons was adjusted using a Bonferroni correction 
to protect the experimental-wise error rate. 
We combined all data (i.e., three spawning surveys, 
Delaware commercial ﬁshery, HCRC trawl survey) to 
develop PW–weight regression equations for each group 
(i.e., mature males, mature females, immature males, 
Figure 2
Sites sampled for horseshoe crabs during the Horseshoe Crab Research Center (HCRC) trawl survey of inshore 
continental shelf waters between New York and Virginia (n=50 sites) and from spawning surveys in New Jersey 
and Delaware (i.e., Delaware Bay), and New Hampshire (i.e., Great Bay), and from the Delaware commercial fishery 
(i.e., Delaware Bay). 
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and immature females) of horseshoe crabs using the 
form
 log ( ) log ( ) log ( ),e e eWt PW a b= ⋅ +  (1)
where Wt = weight of a horseshoe crab (kg); 
 PW = prosomal width (mm); 
 α = slope; and
 b = y-intercept (PROC REG, SAS). 
We could not develop equations for each group of 
horseshoe crabs by state because of the small sample 
size collected from some states. 
Testing current and developing  
alternative conversion factors
The predictive accuracy of the NOAA Fisheries conver-
sion factor was tested using data collected from four 
data sets: the three spawning surveys and the Delaware 
commercial ﬁshery. We calculated total biomass for each 
sample using the NOAA Fisheries conversion factor and 
then compared it to the total observed biomass for each 
sample.
We used various data sets (i.e., three spawning sur-
veys, the Delaware commercial ﬁshery, the HCRC trawl 
survey, unpublished data) and previously published 
studies to generate the average PW and weight for male 
and female horseshoe crabs from each state (Table 1). 
For some states, the average weight of horseshoe crabs 
was not available, and therefore we used the PW–weight 
equations that were derived from this study to estimate 
the average weight of horseshoe crabs based on an aver-
age measured prosomal width. For states where average 
weight data were available, we compared the observed 
weight to the estimated weight (i.e., using PW–weight 
equation) to determine the accuracy of the PW–weight 
equations. 
Results 
Prosomal-width-to-weight relationship
The average weight differs between male and female 
horseshoe crabs. Mature female horseshoe crabs 
were signiﬁcantly larger (i.e., prosomal width; df=1, 
346; F=1488.03; P<0.0001) and heavier (df=1, 346; 
F=2245.72; P<0.0001) than mature male horseshoe 
crabs. The weight of horseshoe crabs was signiﬁcantly 
different among sex and maturity stages (df=7, 924; 
F=6.86; P=0.0090; Table 2). Signiﬁcant differences did 
not occur in the PW–weight relationship of mature male 
and mature female horseshoe crabs (df=3, 577; F=2.19; 
P=0.1396; Table 2); however, when comparing only 
horseshoe crabs of overlapping size ranges (PW=181–292 
mm; weight=0.88–3.14 kg), the PW–weight relationship 
of mature female horseshoe crabs was signiﬁcantly dif-
ferent than that of mature males (df=3, 626; F=8.21; 
P=0.0043). 
Separate PW–weight equations were developed for 
all females, mature females, immature females, all 
males, mature males, and immature males (Table 3). 
The derived PW–weight equations were used to esti-
mate an average weight of horseshoe crabs from each 
state based on the observed prosomal width (Table 1). 
However, we used only the PW–weight equation derived 
for mature horseshoe crabs (i.e., one for mature males 
and one for mature females) to estimate weight because 
the PW–weight relationship was signiﬁcantly different 
between sexes of mature horseshoe crabs, and the com-
mercial ﬁshery is directed only at mature horseshoe 
crabs. The estimated average weight of both male and 
female horseshoe crabs with the derived PW–weight 
equations was relatively accurate compared to the ob-
served average weight for each state (Table 1).
Testing current and developing  
alternative conversion factors
The conversion factor used by NOAA Fisheries (i.e., 
1.21 kg/horseshoe crab) consistently overestimated the 
total weight of horseshoe crabs collected during spawn-
ing surveys and from the Delaware commercial ﬁshery 
(Table 4). For female horseshoe crabs from Mid-Atlantic 
populations (i.e., Delaware Bay and Raritan Bay), this 
conversion factor provided a relatively close estimate of 
total weight. However, when estimating the total weight 
of male horseshoe crabs, the NOAA Fisheries conversion 
factor overestimated total weight. The weight of horse-
shoe crabs from the New England population (i.e., Great 
Bay) was overestimated to the greatest degree, by more 
than 70% for both males and females. 
The average weight of a horseshoe crab also varies 
by location. Horseshoe crabs between Rhode Island and 
South Carolina are larger and heavier than horseshoe 
crabs from Maine, New Hampshire, Massachusetts, and 
Florida; and the conversion factors that have been used 
by most states reﬂect the differences in size and weight 
among states (Table 1). For those states where a single 
conversion factor has been used in the past to estimate 
the weight for both male and female horseshoe crabs 
(i.e., Maine, Rhode Island, Virginia, North Carolina, 
South Carolina, and Florida), the weight of at least 
one sex, in most cases the weight of female horseshoe 
crabs (Table 4) has been predicted inaccurately. Most 
states in the Mid-Atlantic have derived two conversion 
factors (i.e., one for each sex) that are relatively close to 
the average weight of mature horseshoe crabs collected 
within that area (Table 1). 
Discussion
Female horseshoe crabs are much larger than male 
horseshoe crabs; therefore separate conversion factors 
should be used for each sex. Our results indicate that 
horseshoe crabs exhibit considerable sexual size dimor-
phism with mature female horseshoe crabs being sig-
niﬁcantly larger and heavier than males. Males in any 
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Table 2
General linear model F-values and P-values for horseshoe crabs (Limulus polyphemus) that were collected during the Horseshoe 
Crab Research Center trawl survey which sampled inshore continental shelf waters between New York and Virginia. Values are 
listed for all horseshoe crabs combined, immature and mature females, immature and mature males, mature females and males, 
and immature females and males. The prosomal-width(PW)-to-weight relationship was analyzed for various combinations of sex 
and maturity stage (Mat). Signiﬁcant interactions, after Bonferroni adjustment, are indicated by an asterisk.
  Mature females  Mature males Immature females Mature females
  vs. vs. vs. vs.
 All data Immature females Immature males Immature males Mature males
 (df=7, 924; n=925) (df=3, 481;n=482) (df=3, 442; n=443) (df=3, 346; n=347) (df=3, 577; n=578)
Variable F P F P F P F P F P
PW 3770.45 <0.0001* 2490.51 < 0.0001* 1456.77 <0.0001* 2849.41 <0.0001* 2056.93 <0.0001*
Sex 0.00 0.9866 — — —   — 6.17 0.0135* 3.46 0.0635
Mat 0.20 0.6582 1.46 0.2271 5.61 0.0183 —   —   —   —
PW × Sex 1.16 0.2815 — — —   — 6.76 0.0097* 2.19 0.1396
PW × Mat 1.59 0.2075 0.98 0.3234 5.51 0.0194 —   —   —   —
Sex × Mat 6.86 0.0090* — — —   — —   —   —   —
PW × Sex × Mat 6.18 0.0131 — — —   — —   —   —   —
Table 3
The number of individuals sampled (n), coefﬁcient values (a, b), standard errors for coefﬁcients (SE[a], SE[b]), and correlation coef-
ﬁcient (r2) of the relationship between prosomal width and weight for horseshoe crabs (Limulus polyphemus), loge(Wt)=loge(PW× 
a+loge(b). Samples were collected during the Horseshoe Crab Research Center trawl survey (i.e., inshore continental shelf waters 
between New York and Virginia), spawning surveys (i.e., New Jersey, Delaware, New Hampshire), and the commercial ﬁshery 
(i.e., Delaware). All regressions are signiﬁcant.
  n a b SE(a) SE(b) r2
Female (all) 1025 2.98 –15.71 0.02 0.10 0.96
Females (mature) 802 2.65 –13.85 0.04 0.21 0.86
Females (immature) 223 2.85 –15.10 0.05 0.23 0.95
Males (all) 1055 2.89 –15.39 0.02 0.12 0.94
Males (mature) 931 2.97 –15.80 0.02 0.13 0.94
Males (immature) 124 2.58 –13.81 0.10 0.50 0.85
population average about 80% of the prosomal width 
of the females (Shuster, 1979) and mature females are 
signiﬁcantly heavier than mature males because of their 
larger size and added weight associated with numer-
ous eggs within their prosomas (Leschen et al., 2006). 
Therefore, it is inappropriate to use the same conversion 
factor for both sexes. 
Conversion factors should also vary by state, to take 
into account the larger size and greater weight of horse-
shoe crabs in Mid-Atlantic states. Horseshoe crabs from 
the middle Atlantic region are signiﬁcantly larger than 
animals from Cape Cod Bay to Maine and those from 
the Gulf of Mexico (Shuster, 1979). Morphometrics 
(Shuster, 1979; Riska, 1981), survey data on the dis-
tribution of horseshoe crabs along the continental shelf 
(Botton and Ropes, 1987), and population genetic stud-
ies (King et al., 2005) strongly indicate that there are 
geographically distinct breeding populations throughout 
the range. Some intermingling of populations occurs 
along the middle Atlantic coast, especially from New 
Jersey to Virginia (Swan, 2005), where much of the 
trawl-based ﬁshery has been located. Because of this 
geographic variation, it is inappropriate to use the same 
conversion factor for horseshoe crabs from all states. 
The conversion factor that was used by NOAA Fisher-
ies (i.e., 1.21 kg per horseshoe crab) to estimate refer-
ence period landing data does not accurately estimate 
total biomass. From our results, it seems that reference 
period landing data were overestimated, especially in 
cases where the ﬁshery could have been male-biased. 
The effects of this inaccurate conversion factor could 
have been further magniﬁed in areas where the aver-
age size and weight of horseshoe crabs is much smaller 
than that for Mid-Atlantic states, notably embayments 
from the northern (Cape Cod to Maine) and southern 
(Gulf of Mexico) parts of the distribtuion range of this 
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Table 4
The aggregate observed weight and estimated weight using the NOAA Fisheries conversion factor (i.e., 1.21 kg per animal) of 
horseshoe crabs (Limulus polyphemus) collected during spawning surveys. The percent that the NOAA Fisheries conversion 
factor overestimates weight is also listed. 
  Aggregate Aggregate Percent
  observed estimated weight
Location Sex weight (kg) weight (kg)  overestimated
New Jersey (Delaware Bay) Female (n=168) 446 448 0.3
 Male (n=211) 237 563 58
 Total (n=379) 683 1011 32
New Jersey (Raritan Bay) Female (n=102) 231 272 15
 Male (n=195) 192 521 63
 Total (n=297) 424 793 47
Delaware (Delaware Bay)1 Female (n=261) 631 697 9
 Male (n=87) 90 232 61
 Total (n=348) 721 929 22
New Hampshire (Great Bay) Female (n=12) 7 31 77
 Male (n=119) 28 309 91
 Total (n=131) 35 341 90
1 S. Michels. Unpubl. data. 1999, 2003, 2004. Delaware Fish and Wildlife, P.O. Box 330, Little Creek, DE 19961.
species. According to our analyses, a New England har-
vest, composed of mostly male horseshoe crabs, would 
be the worst-case scenario for overestimating landings 
data when measured in pounds. 
To more accurately estimate reference period land-
ings, biomass should be recalculated using state-speciﬁc 
conversion factors for each sex. However, determining 
the male-to-female ratios from landing data may be a 
challenge. Before 1998, participants in the ﬁshery were 
not required to record the ratio of males to females 
among landed horseshoe crabs. It has been suggested 
that eel bait ﬁshermen prefer to harvest females, be-
cause of a chemical attractant associated with the eggs 
(Ferrari and Targett, 2003). In contrast, both male and 
female horseshoe crabs were used, as available, for the 
whelk ﬁshery. Unfortunately, no data are available on 
the percentage of horseshoe crabs landed as bait for eels 
versus whelks, from which one might be able to deduce 
the sex ratio in the early commercial catches. 
Future estimates of the biomass of harvested horse-
shoe crabs should incorporate the sex and location of 
horseshoe crab harvests. Use of geographically-appro-
priate conversion factors for each sex would provide 
an accurate estimate of biomass despite the differing 
regulations among states. Some states have already 
derived their own sex-speciﬁc conversion factors, and 
most seem to provide an accurate representation of the 
average weight for male and female horseshoe crabs. 
States that have used one conversion factor to estimate 
the weight of both female and male horseshoe crabs 
(i.e., Maine, Rhode Island, Virginia, South Carolina, 
and Florida) either underestimate the weight of female 
horseshoe crabs or overestimate the weight of male 
horseshoe crabs. Although state agencies are no longer 
required to report landings in number and pounds, the 
conversion factors that have already been derived by 
state agencies may serve as a useful tool for accurately 
converting data to be used in prediction models. For 
states that have not developed accurate conversion fac-
tors, the PW–weight equations derived from this study 
can be used to develop conversion factors based on the 
average width of male and female horseshoe crabs from 
that area. Besides providing a more accurate estimate 
of biomass, use of state-speciﬁc and sex-speciﬁc conver-
sion factors is feasible for management purposes be-
cause states are already required to report the location, 
sex, and number of horseshoe crabs harvested.
At present, only very limited size and weight data 
are available for horseshoe crabs from North Carolina 
through northern Florida. Our PW–weight relationships 
for both sexes are very robust across a wide range of 
sizes, but could be further improved by the inclusion 
of horseshoe crab populations from this part of their 
range. 
Conclusion
It is important to provide accurate biomass estimates 
of harvest data for future management purposes and, 
therefore, accurate conversion factors should be devel-
oped. From the results of this study, it seems that the 
most practical approach to estimating landing data is 
to use state-speciﬁc conversion factors, one for females 
and one for males, based on the average weight of horse-
shoe crabs from that area. Researchers should continue 
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to collect data on the average PW of female and male 
horseshoe crabs to ﬁne tune these conversion factors. 
The PW–equations derived from this study can be used 
to estimate weight based on an average prosomal width. 
In this way, the accuracy of these conversion factors 
could be improved, thereby providing better data for 
future management assessments. 
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